Q fever is a cosmopolitan disease affecting both humans and many animal species.
| INTRODUCTION
Q fever is a cosmopolitan disease affecting both humans and animals (Arricau-Bouvery & Rodolakis, 2005) , caused by Coxiella burnetii, a small pleomorphic, Gram-negative and obligatory intracellular bacterium (Maurin & Raoult, 1999) . Small ruminants and in particular sheep are often at the origin of human infections through aerosol and/or contact with animal products (EFSA 2010; Roest et al., 2010) . Unlike most of the animals in which the infection is usually asymptomatic, small ruminants often present clinical manifestations of the disease, resulting in reproductive problems such as abortions, stillbirths and infertility (Van Den Brom, Van Engelen, Roest, Van Der Hoek, & Vellema, 2015) . However, subclinical cases in small ruminants remain possible, making the diagnosis more complicated (Van Den Brom et al., 2015) . The absence of pathognomonic clinical manifestation makes diagnosis particularly delicate. In addition, there is no reference diagnostic technique, which represents a problem for case detection and surveillance (Porter, Czaplicki, Mainil, Guatteo, & Saegerman, 2011) . Q fever laboratory diagnosis in animals can rely on serology. Indeed, the detection of antibodies directed against biology allows detection of bacterial DNA and consequently investigates the occurrence of bacterial excretion, which is of crucial importance in Q fever epidemiology (Van Den Brom et al., 2015) .
The majority of sheep farms in Belgium are not professional and count a low number of animals, estimated at a mean of 14 and a median of five animals (L. Delooz, personal communication). Indeed, in Wallonia (southern part of Belgium), the majority of farms are hobbyists and only 3% of them are professionals (Association wallonne d' elevage, 2016).
In Belgium, Q fever is endemic in the domestic ruminant population (Saegerman, Speybroeck, Dal Pozzo, & Czaplicki, 2013) . Since 2014, a compulsory declaration of the disease after detection of bacterial DNA in milk or aborted products exists (Royal Decree of 3 February 2014). Despite this measure, Q fever remains largely underestimated. Different epidemiological studies have been performed on dairy goats (Boarbi et al., 2014) , cattle dairy and meat herds Vangeel et al., 2012) , but the prevalence in sheep flocks remains unknown in Belgium. Indeed, while for dairy sheep flocks, a national surveillance exists (by serology and PCR on the bulk tank milk), and for meat sheep flocks, which constitute the majority of the sheep population, surveillance occurs on aborted products after declaration of abortion. In Wallonia, the mean abortion declaration rate in sheep farms with more than 20 adult females is 0.086% AE 0.01% (L. Delooz, personal communication).
The aim of this study was to investigate the serological and molecular aspects of infection due to Coxiella burnetii among meat sheep flocks in Belgium. 
| MATERIALS AND METHODS

| Serological analysis
The indirect ELISA LSI Vet TM Ruminant Q Fever Serum/Milk (Thermo Fisher Scientific, UK) (ELISA LSIV) has been used, following manufacturer's instructions. This kit uses an inactivated strain of Coxiella burnetii (phase I and II) isolated from a naturally infected sheep in
France (Porter et al., 2011) . Analyses were performed following manufacturer's recommendations. Results were expressed as the percentage of sample/positive (S/P) values, which were obtained using the optical density (OD) values and by applying the following formula:
The cut-off value indicated by the manufacturer was used. A sample was considered positive with an S/P value >40. 
| DNA extraction and Real-time PCR analyses
| Statistical analysis
The 95% confidence interval (CI) of the seroprevalence was estimated using an exact binomial distribution. The correlation between the results of the ELISA LSIV and the PCR results for each one of the three routes of excretion was tested using Pearson's and Spearman's correlation tests. A logistic regression was made to find relationships between bacterial excretion and the serological status of the animal (Petrie & Watson, 2013) .
| RESULTS AND DISCUSSION
To the authors' knowledge, this is the first study reporting serological and molecular investigations of Q fever among meat sheep flocks in Belgium.
The overall apparent seroprevalence was 1.39% (95% CI: 0.04-7.5). The apparent seroprevalence for each flock is reported in Table 1 . The S/P values obtained by testing each individual samples are presented in Figure 1 . These results were obtained using a commercialized ELISA in which the antigen is a bacterial strain isolated from ruminants (Porter et al., 2011) . The sensitivity and specificity of the ELISA LSIV test were 87% and 99.1%, respectively, when applied to a set of sera derived from sheep, goats and bovines and using test accuracy in the absence of a gold standard (TAGS) (Horigan, Bell, Pollard, Sayers, & Pritchard, 2011) . In this study, the low apparent seroprevalence measured in sheep is comparable to the one described in the Netherlands in two studies on dairy and non-dairy sheep and goats (Schimmer, De Lange, Hautvast, Vellema, & Van Duynhoven, 2014; Van Den Brom, Moll, Van Schaik, & Vellema, 2013) . In particular, these Dutch studies showed that dairy sheep and goats had a significantly higher chance of being seropositive than non-dairy sheep and goats. In 2004, serum samples of 1714
sheep from 95 flocks located in Lower Saxony (Germany) were investigated by ELISA and 2.7% of these samples were seropositive (Runge, Binde, Schotte, & Ganter, 2012) .
In four of the five flocks recruited in this study, Q fever seroprevalence was previously measured using the same commercial In the current study, Coxiella burnetii DNA was detected in
27.7% of the tested sheep, subsequently defined as shedders.
Among them, 90% were shedding through a single route while none were shedding by the three routes simultaneously (Table 1) . These results match those previously described (Jouli e et al., 2015; Rodolakis et al., 2007) . Sheep were more likely to shed the bacteria through the faecal (18.3%) and the vaginal route (10.29%) rather than via the milk (5.55%). This has already been described previously (Jouli e et al., 2015; Rodolakis et al., 2007; Sting et al., 2013) . This shedding pattern may explain that sheep are most often involved in human outbreaks of Q fever, with the shedding of the bacteria and consequent environmental contamination (Berri et al., 2005; TissotDupont & Raoult, 1993) . The lowest rate of excretion through the milk may be due to the discontinuous character of this shedding route among the sheep flocks (Berri et al., 2005) . However, no domination of one route of shedding was noted compared to the others. Cumulative number of PCR-positive samples.
F I G U R E 1
The results of the individual ELISA expressed as % S/ P ratio as black points. Legend: the horizontal line represents the cut-off value of 40% S/P indicated by the kit manufacturer
Next to its frequency, shedding of Coxiella burnetii DNA was quantified and expressed in GC/ml. These results are presented in These results confirm those obtained in a previous study performed by Rodolakis et al. (2007) , while it contradicts the one described by Berri et al. (2005) , where a higher concordance between the results of serology and shedding of bacteria through the milk was noted. It could not be excluded that the absence of correlation was related to
an insufficient number of animals tested in the present study. It could be envisaged to include in a second study a larger number of sheep. Christine Thys for her technical assistance in the laboratory. The funders had no role in study design, data collection and interpretation, or the decision to submit the work for publication.
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